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  Bacterial cold water disease, enteric red mouth disease and 
frunculosis  are  the  common  bacterial  diseases  of  fish 
worldwide.  The  etiologic  agents  of  these  diseases  are 
Flavobacterium (F.) psychrophilum, Yersinia (Y.) ruckeri and 
Aeromonas (A.) salmonicida subsp. salmonicida, respectively. 
In this study, a multiplex polymerase chain reaction (m-PCR) 
method with YER8/10-Fer3/4-FP1/3 primer pairs which can 
identify these fish pathogens simultaneously was developed 
and optimized. In optimized conditions, neither false specific 
nor nonspecific amplification occurred. The detection limits 
of the m-PCR method using DNA extracts from dilutions of 
pure cultures of bacteria were 35 pg for Y. ruckeri and F. 
psychrophilum and 70 pg for A. salmonicida subsp. salmonicida. 
It  was  determined  that  15  CFU  Y.  ruckeri  and  F. 
psychrophilum and 30 CFU A. salmonicida subsp. salmonicida 
could be detected by m-PCR developed using genomic DNA 
extracted from dilutions of the suspensions. The detection 
limits in the presence of tissue debris were 125 CFU for Y. 
ruckeri and F. psychrophilum and 250 CFU for A. salmonicida 
subsp. salmonicida. In conclusion, we submit that the m-PCR 
method developed and optimized in this study can be used for 
accurate and rapid identification of these bacteria.
Keywords:  Aeromonas salmonicida subsp. salmonicida, 
Flavobacterium psychrophilum, multiplex PCR, Yersinia ruckeri
Introduction 
  Aquaculture is an emerging industrial sector that requires 
more research with scientific developments and 
innovation. Under intensive aquaculture conditions, the 
risk of stress increases and a significant proportion of stock 
may become infected. Healthy looking fish without any 
clinical signs or lesions can carry some pathogens and 
create a serous risk for spread of contagious diseases in fish 
populations. Bacterial cold water disease, enteric red 
mouth disease and frunculosis caused by Flavobacterium 
(F.) psychrophilum, Yersinia (Y.) ruckeri and Aeromonas 
(A.) salmonicida, respectively, are common major 
contagious diseases worldwide in culture fisheries of 
salmonids. These diseases also have significance in respect 
of considerable economic losses [1,3].
  Flavobacterium  psychrophilum, a fastidious Gram 
negative agent, causes cold water disease and affects 
mainly salmonids (Oncorhynhus mykiss) and coho salmon 
(Oncorhynhus kisutch). Although its cultivation from fish 
tissues is performed on agar media and identified using 
some biochemical and serological techniques, correct 
identification based on phenotypic characteristics is 
reported to be difficult and time consuming [4,17]. 
Polymerase chain reaction (PCR) has also been used to 
detect  Flavobacterium species [4]. Enteric red mouth 
disease, caused by Y. ruckeri, is a septicemic disease 
occurring primarily in salmonids. However, there have 
also been reports of nonsalmonids being affected. Several 
stress factors are important determinants in the 
development of this infection. Clinically healthy fish may 
be carriers of this pathogen for transmission to other fish 
[12] and biochemical tests and immunological assays have 
been used for its identification. In addition, PCR can be 
used to detect Y. ruckeri in some internal organs and feces 
[2].  A. salmonicida causes Frunculosis, a disease 
characterized by muscle lesions and associated skin ulcers 
and septicemia. A. salmonicida is commonly isolated from 
both salmonids and nonsalmonids [9]. Different diagnostic 
methods such as ELISA, agglutination tests and PCR have 
been used to detect this infection [2,10,12].
    Selective culture, standard biochemical methods, and 
serological and histological examinations have traditionally 236    Ertan Emek Onuk et al.
Table 1. List of taxonomically related and unrelated bacterial strains of Flavobacterium (F.) psychrophilum, Yersinia (Y.) ruckeri and
Aeromonas (A.) salmonicida subsp. salmonicida
Strain Bacterial species Origin of strains Source
  1 Y. ruckeri MBL 0785 Rainbow trout
     2 Y. ruckeri LMG 3281 Rainbow trout
  3 Y. ruckeri Field isolate EY 1 Rainbow trout
  4 Y. ruckeri Field isolate EY 2 Rainbow trout
  5 Y. ruckeri Field isolate EY 3 Rainbow trout
  6 Y. ruckeri Field isolate EY 4 Rainbow trout
  7 Y. ruckeri Field isolate AY 1 Rainbow trout
  8 Y. ruckeri Field isolate SY 1 Rainbow trout
  9 Y. ruckeri Field isolate SY 2 Rainbow trout
10 Y. ruckeri Field isolate SY 3 Rainbow trout
11 Y. ruckeri Field isolate BY 1  Rainbow trout
12 Y. ruckeri Field isolate BY 2  Rainbow trout
13 Y. enterocolitica subsp. enterocolitica MBL0938 Human tissue
14 Y. enterocolitica subsp. enterocolitica RSUTKK 04050  Faeces
15 Y. enterocolitica ATCC 23715 Human blood 
16 Hafnia alvei MBL 0165 Milk
17 A. salmonicida subsp. salmonicida 80204 Brown trout
18 A. salmonicida subsp. salmonicida 97132 Atlantic salmon
19 A. salmonicida subsp. salmonicida A449 Atlantic  salmon
20 A. salmonicida subsp. salmonicida MBL 0788 Atlantic salmon
21 A. salmonicida subsp. salmonicida Field isolate EAS 1 Rainbow trout
22 A. salmonicida subsp. salmonicida Field isolate EAS 2 Rainbow trout
23 A. salmonicida subsp. salmonicida Field isolate EAS 3 Rainbow trout
24 A. salmonicida subsp. salmonicida Field isolate EAS 4 Rainbow trout
25 A. salmonicida subsp. salmonicida Field isolate EAS 5 Rainbow trout
26 A. hydrophila Field isolate SAH 1 Water
27 A. hydrophila RSUTKK 05049  Pike
28 A. hydrophila MBL 0870 Tin of milk 
29 A. caviae MBL 0807 Guinea pigs
30 F. psychrophilum LMG 13180 Rainbow trout 
31 F. psychrophilum LMG 13182 Eel 
32 F. psychrophilum DSMZ 3660 Coho salmon 
33 F. columnare LMG 10406 Chinook salmon 
34 F. columnare LMG 10397 Blueblack salmon 
35 Staphylococcus aureus ATCC 29213 Wound
36 Pseudomonas aeruginosa ATCC 27853 Blood culture
37 Escherichia coli ATCC 25922 Clinical isolate
38 Enterococcus faecalis ATCC 29212 Urine
been used to detect and enumerate bacterial pathogens. 
These methods have some disadvantages such as low 
sensitivity, low specificity, tediousness and high time 
consumption [1,10]. Thus, it is obvious that a more cost 
effective, sensitive and specific system is required for 
detection of these fish pathogens. Such a system would also 
be useful for surveillance and monitoring fish populations. 
Recently, molecular biological methods such as PCR, 
restriction enzyme digestion and probe hybridization have 
improved diagnostic sensitivity and specificity. These 
methods allow more rapid and accurate identification of 
asymptomatic or carrier fish. More recently, the use of 
multiplex PCR (m-PCR) has provided rapid and highly 
sensitive methods for the specific detection of pathogenic 
microorganisms in the aquatic environment. Furthermore 
m-PCR assay is more rapid and cost-effective than simplex 
PCR [3,10,13]. However, while m-PCR has been shown to 
be a valuable method for the identification of several M-PCR development trials for fish pathogens    237
Table 2. The oligonucleotide primers 
Primer sets Sequence of the oligonucleotides Expected amplicon size (bp) References
Fer3 5´-CGGTTTTGGCGCAGTGACG-3´ 422  [5]
Fer4 5´-AGGCGCTCGGGTTGGCTATCT-3´
PAAS1 5´-CGT TGG ATA TGG CTC TTC CT-3´ 423  [15]
PAAS2 5´-CTC AAA ACG GCT GCG TAC CA-3´ 
FP1 5´-GTT AGT TGG CAT CAA CAC -3´  971  [7,16] 
FP3 5´-ACA CTG GCA GTC TTG CTA-3´ 
Ruck1 5´-CAG CGG AAA GTA GCT TG -3´ 409  [11]
Ruck2 5´-TGT TCA GTG CTA TTA ACA CTT AA-3´ 
YER8 5´-GCG AGG AGG AAG GGT TAA GTG-3´  575 [8]
YER10 5´-GAA GGC ACC AAG GCA TCT CTG-3´ 
pathogens in the field of infectious diseases, it is not yet a 
common tool for detection of fish pathogens. In this work, 
we aimed to develop and optimize the m-PCR assay for the 
simultaneous detection of F. psychrophilum, Y. ruckeri and 
A. salmonicida from pure cultures and tissues.
Materials and Methods
Bacterial strains and culture conditions
    Taxonomically related and unrelated bacterial strains 
used to evaluate m-PCR method in this study are presented 
in Table 1. Trypticase soy broth (TSB) and trypticase soy 
agar (TSA) were used for cultivation of Aeromonas spp. 
and Yersinia spp. For cultivation of Flavobacterium spp., 
enriched Anacker-Ordal agar (EAOs, 0.5% tryptone, 
0.05% yeast extract, 0.02% sodium acetate, 0.02% beef 
extract, 5% horse serum with 1.5% agar, pH 7.2∼7.4) was 
used [14]. Aeromonas  salmonicida subsp. salmonicida 
was incubated at 17
oC, A. hydrophila at 35
oC, Y. ruckeri at 
22∼25
oC,  Y. enterocolitica at 35
oC for 24∼48 h. F. 
psychrophilum and F. columnare were incubated for 3∼5 
days at 19
oC and 25
oC, respectively. After incubation 
periods, two colonies grown on mediums were transferred 
to TSB with 15% glycerin and stored at 򰠏20
oC until use.
PCR conditions
  DNA extractions from strains were performed using a 
commercial extraction kit (Omega Bio-Tek, USA) based 
on filtration through a spin colon as per the manufacturer’s 
recommendations. 
  The oligonucleotide primer sets used in the experiments 
were designated according to the references presented in 
Table 2. The oligonucleotides used for each microorganism 
in the M-PCR assay were synthesized by Fermentas 
(Lithuania). The expected size of PCR products with these 
primers are also presented in Table 2. Three experiments 
were performed to establish the specificity of the m-PCR 
assay using different combinations of these primer sets 
specific for Y. ruckeri, A. salmonicida subsp. salmonicida 
and F. psychrophilum. In the first experiment (Trial 1) 
YER8/10, PAAS1/2 and FP1/3 were used. Ruck1/2, 
PAAS1/2, FP1/3 primer sets and YER8/10, Fer3/4, FP1/3 
primer sets were used in the second (Trial 2) and the third 
experiments (Trial 3), respectively. To evaluate the specificity 
of m-PCR assay, genomic DNA from three bacteria (A. 
salmonicida subsp. salmonicida ATCC 33658, F. 
psychrophilum DSMZ 3660 and Y. ruckeri ATCC 29473 
strains) and some different taxonomically and/or ecologically 
related or unrelated bacteria (Table 1) were used.
  In these experiments, 25 μL of PCR master mix was 
prepared containing DEPC-treated water, 1× PCR buffer, 2 
mM of MgCl2, 0.2 mM of each dNTP, 1.5 U of Taq 
polymerase, 1 mM of each primer and 3 μL template DNA. 
The amplification was carried out under the following 
conditions: an initial denaturation step at 94
oC for 2 min, 
followed by 35 cycles of amplification (denaturation at 
94
oC for 40 sec, annealing at 60
oC for 40 sec, and extension 
at 72
oC for 1 min) and a final elongation period at 72
oC for 
5 min. These conditions were determined as an initial 
protocol for subsequent m-PCR experiments. The 
amplicons were transferred to 1.5∼3% agarose gel and 
electrophoresed. DNA bands were stained with ethidium 
bromide (2 μg/mL) and visualized by a UV transilluminator.
Sensitivity of the m-PCR assay 
    For the evaluation of the sensitivity of m-PCR, the 
minimum detectable amounts of DNA in m-PCR were 
detected for A. salmonicida subsp. salmonicida ATCC 
33658, F. psychrophilum DSMZ 3660 and Y. ruckeri ATCC 
29473 strains. After extraction of DNA, the genomic DNA 
concentration of each strain was measured using a 
spectrophotometer and adjusted to 35 ng/mL. Serial 
dilutions of each DNA strain were prepared with sterile 
distilled water at concentrations ranging from 35 ng/mL to 
1.7 pg/mL. Aliquots of 5 μL of each dilution of genomic 
DNA were mixed with the respective aliquots of the other 238    Ertan Emek Onuk et al.
Fig. 1. Simultaneous identification of Flavobacterium  (F.)
psychrophilum (971 bp), Yersinia  (Y.)  ruckeri (575 bp), and 
Aeromonas (A.) salmonicida subsp. salmonicida (422 bp) by 
m-PCR3. Lane M: Molecular size marker (100∼1,000 bp), Lane
1: m-PCR with the three pathogens together, Lane 2: A. 
salmonicida subsp. salmonicida alone, Lane 3: Y. ruckeri alone,
Lane 4: F. psychrophilum alone, Lane 5: F. psychrophilum and Y. 
ruckeri, Lane 6: F. psychrophilum and A. salmonicida subsp. 
salmonicida, Lane 7: Y. ruckeri and A. salmonicida subsp. 
salmonicida.
two strains. These DNA mixtures were used as template 
DNA for the m-PCR experiments, and the detection limit 
for DNA was determined.
    For the evaluation of sensitivity of m-PCR from the 
cultures, the logarithmic phase culture was prepared for 
each bacterium in an appropriate broth. To enumerate the 
stock cultures, serial ten-fold dilutions of pure culture 
suspensions of each bacterium were prepared in sterile 
0.9% NaCl solution. Zero point one mL of each dilution 
was spread onto TSA for A. salmonicida subsp. 
salmonicida ATCC 33658 and Y. ruckeri ATCC 29473, 
EAOs for F. psychrophilum DSMZ 3660. Aeromonas 
salmonicida subsp. salmonicida and Y. ruckeri were 
incubated at 25
oC. F. psychrophilum strain was incubated 
at 19
oC. After incubation period, colonies were counted 
and bacterial concentration of stock cultures was detected 
as CFU/mL. Then, the concentration of the stock 
suspension of each bacterium was adjusted to 1.0 × 10
8 
CFU/mL. The 5 serial ten-fold dilutions and followed by 7 
serial two-fold dilutions of each bacterial stock suspension 
were prepared (1.0 × 10
7, 1.0 × 10
6, 1.0 × 10
5, 1.0 × 10
4, 1.0 
× 10
3, 500, 250, 125, 62, 31, 15, 7 CFU/mL). One mL of 
each dilution was centrifuged at 10,000 rpm for 3 min. The 
supernatant was removed and 200 μL of sterile distilled 
water was added to the pellet. This suspension was mixed 
by a vortex and the mixture then boiled for 10 min and then 
centrifuged at 10,000 rpm for 9 min. The supernatant was 
used as template DNA. In m-PCR assays, each bacterial 
DNA from each dilution was used by mixing with the 
respective aliquots of other bacteria. 
  To determine the sensitivity of the m-PCR method in the 
presence of tissue debris, the liver from healthy salmon 
trout was homogenized with Tris-EDTA (TE) buffer (1 
mM Tris-HCl, 0.5 mM EDTA [pH 8]) in a 1:10 ratio and 1 
mL of homogenate was transferred to 11 tubes. These 
homogenates were seeded with serial dilutions (1.0 × 10
8, 
1.0 × 10
7, 1.0 × 10
6, 1.0 × 10
5, 1.0 × 10
4, 1.0 × 10
3, 500, 250, 
125, 62, 31 CFU/mL) of a mixture of pure cultures of three 
bacterial species. DNA was extracted from 200 μL of each 
dilution as described above. Extracted DNAs obtained 
from the dilutions with the same dilution factor of each 
bacterial suspension were mixed together and used as 
template DNA. 
Results
Specificity of m-PCR assay
    The m-PCR method was developed to detect three 
bacteria, Y. ruckeri, A. salmonicida subsp. salmonicida and 
F. psychrophilum simultaneously using different 
combinations of the five specific primer pairs and the 
specificity of this method was evaluated in three different 
m-PCR trials as follows.
  In Trial 1, the expected sizes of the PCR products were 
obtained using the primers mentioned above. However, of 
all the A. salmonicida subsp. salmonicida strains, strains 
No. 19 and No. 22 could not be detected using PAAS1/2 
primers and No. 19 was detected to give a non-specific 
band. The other strains used in this study did not present 
any non-specific or false specific bands. A. salmonicida 
subsp. salmonicida strain No. 19 and No. 22 could also not 
be detected using PAAS1/2 primers and A. hydrophila 
strain No. 26 was detected to give a false specific band with 
these primers in Trial 2. The other strains gave the expected 
size of bands and they did not show any non-specific or 
false specific bands. The molecular weight of the products 
obtained from amplification using ruck1/2 and PAAS1/2 
for  Yersinia  ruckeri and A. salmonicida subsp. 
salmonicida, respectively, were detected to be close each 
other.
  In Trial 3, YER8/10, Fer3/4 and FP1/3 primers were used 
for Y. ruckeri, A. salmonicida subsp. salmonicida and F. 
psychrophilum, respectively. The size of the PCR products 
obtained for F. psychrophilum,  Y. ruckeri and A. 
salmonicida were 971 bp, 575 bp and 422 bp, respectively 
(Fig. 1). A. salmonicida subsp. salmonicida strains which 
could not be detected in the two other trials were 
successfully detected in this trial. None of the strains used 
in this study showed false negative or non-specific bands. 
Fer3/4 primers used for Aeromonas salmonicida subsp. 
salmonicida strains were determined to have more 
specificity than PAAS1/2 primers.M-PCR development trials for fish pathogens    239
Fig. 2. Determination of detection limit of m-PCR assay. Lane M:
Molecular size marker (100∼1,000 bp), Lane a-h: the serial 
dilutions of chromosomal DNA extracted from reference F. 
psychrophilum, Y. ruckeri and A. salmonicida subsp. salmonicida
strains, from left to right, 1,055, 700, 350, 210, 140, 70, 35 and 17 
pg DNA, respectively.
Fig. 3. Detection limit of m-PCR assay in pure cultures of bacteria.
Lane M: Molecular size marker (100∼1,000 bp), Lane 1: 1.0 ×
10
3, Lane 2: 500, Lane 3: 30, Lane 4: 15 CFU of F. psychrophilum,
Y. ruckeri and A. salmonicida subsp. salmonicida, respectively.
Optimization of m-PCR assay
    To optimize the m-PCR method, the amplification 
protocol was reorganized with the primer sets of Trial 3. In 
accordance with the new amplification protocol, PCR 
conditions consisted of an initial denaturation at 94
oC for 3 
min followed by 30 cycles of amplification in which 
denaturation, annealing and extension temperatures were 
94
oC for 45 sec, 60
oC for 45 sec and 72
oC for 45 sec, 
respectively. A final extension step was at 72
oC for 3 min. 
At the end of this protocol, all strains used in this study 
were detected to give amplicons with their specific primer 
sets and not to give false specific or non-specific bands. Y. 
ruckeri,  A. salmonicida subsp. salmonicida and F. 
psychrophilum could be detected in a shorter time with this 
new protocol. 
  To optimize the oligonucleotide primers, we used 1, 0.8, 
0.5, 0.3, 0.1 and 0.05 μM concentrations of each primer. 
The expected bands were observed even at the minimum 
0.05 μM concentration of primers. However, we detected 
that A. hydrophila strain No. 28 gave a 575 bp product 
specific to Y. ruckeri at ＜1 μM concentration of primer 
and also gave a 452 bp product specific to A. salmonicida 
subsp. salmonicida at ＜0.5 μM concentration of primer. 
Thus, the optimal primer concentration was considered to 
be 1 μM.
  In the optimization study for Taq polymerase, we used 1 
μM of each oligonucleotide primer and 0.35, 0.25, 0.15, 
0.1, 0.05 and 0.02 U of Taq polymerase. We observed that 
Y. ruckeri and A. salmonicida subsp. salmonicida could be 
detected with 0.05 U Taq polymerase, while F. psychrophilum 
could be detected with 0.15 U Taq polymerase. Furthermore 
the minimum concentration of Taq polymerase used in the 
simultaneous detection of these bacteria was found to be 
0.15 U. The intensity of PCR bands observed was determined 
to be better at 0.25 U concentration of Taq polymerase.
  In the optimization of MgCl2, we used 1 μM of each 
oligonucleotide primer, 0.25 U of Taq polymerase and 2, 
1.5, 1, 0.7, 0.4 and 0.2 mM of MgCl2. The minimum 
concentrations of MgCl2 for simultaneous detection of 
these three bacteria were found to be 1 mM for Y. ruckeri 
and A. salmonicida subsp. salmonicida, and 1.5 mM for F. 
psychrophilum. Also, 2 mM of MgCl2 was determined to 
produce a more intense band for each target DNA. Thus, 2 
mM concentration of MgCl2 was selected for optimal 
m-PCR condition. 
  The best results were obtained with an initial denaturation 
of 25 μL PCR mixture containing DEPC-treated water, 1× 
PCR buffer, 2 mM MgCl2, 0.2 mM of each dNTP, 0.25 U 
Taq polymerase, 1 μM of each primer and 3 μL of template 
DNA at 94
oC for 3 min, followed by 30 cycles of 
amplification in which denaturation, annealing and 
extension temperatures were 94
oC for 45 sec, 60
oC for 45 
sec and 72
oC for 45 sec, respectively, and a final extension 
step at 72
oC for 3 min (Fig. 1).
Sensitivity of m-PCR assay 
  The detection limits of DNA were found to be 35 pg of 
DNA for Y. ruckeri and F. psychrophilum, 70 pg of DNA 
for A. salmonicida subsp. salmonicida (Fig. 2).
  The bacterial enumeration was performed and the logarithmic 
phase stock cultures prepared for each bacterium were 
adjusted to 1.0 × 10
8 CFU/mL. The genomic DNA extracted 
from the serial dilutions (1.0 × 10
7, 1.0 × 10
6, 1.0 × 10
5, 1.0 
× 10
4, 1.0 × 10
3, 500, 250, 125, 62, 31, 15, 7 CFU/mL) of 
each suspension were used in the m-PCR assay developed 
in this study and the assay could detect as few as 15 CFU of 
Y. ruckeri and F. psychrophilum and 30 CFU of A. 
salmonicida subsp. salmonicida in pure cultures (Fig. 3). 240    Ertan Emek Onuk et al.
Fig. 4. The detection limit of m-PCR assay in the presence of 
tissue debris. Lane M: Molecular size marker (100∼1,000 bp), 
Lane 1: 1.0 × 10
5, Lane 2: 1.0 × 10
4, Lane 3: 1.0 × 10
3, Lane 4: 250
Lane 5: 125 CFU of F. psychrophilum,  Y. ruckeri and A. 
salmonicida subsp. salmonicida, respectively.
Also, the detection limit in the presence of tissue debris was 
found to be 125 CFU for Y. ruckeri and F. psychrophilum, 
and 250 CFU for A. salmonicida subsp. salmonicida (Fig. 4).
Discussion
  Aquaculture is currently one of the fastest growing food 
production system in the world. Under intensive 
aquaculture conditions the risk of stress increases and 
significant proportions of stock can become infected. 
Especially, healthy looking fish without any lesions or 
clinical signs of disease can carry some pathogens and 
create a serious risk for spread of contagious diseases in 
fish populations. The detection of pathogen carrier fish is 
thus essential for effective fish disease control. To detect 
carrier fish, a sufficiently sensitive, specific and cost- 
effective system is required. Such a system could be useful 
in monitoring fish populations [1,3].
  Of all the primers evaluated for their specificity in Trials 
1∼3, PAAS1/2 primers were shown to be less capable of 
detecting some A. salmonicida subsp. salmonicida strains 
than the Fer3/4 primers used in Trial 3. A nonspecific band 
also occurred with PAAS1/2. Therefore, we decided to 
discard these primer pairs. Ruck1/2 primers used for Y. 
ruckeri were also discarded because the molecular size of 
amplification products obtained using ruck1/2 and 
PAAS1/2 were too close not to allow discrimination of Y. 
ruckeri and A. salmonicida subsp. salmonicida. However, 
some researchers found no false positive results with 
PAAS1/2 in their PCR assays and these primers were 
specific for their target, A. salmonicida [1,6]. Taking into 
consideration these previous results, the use of ruck1/2 and 
PAAS1/2 primers in the combinations of primer sets for Y. 
ruckeri and A. salmonicida subsp. salmonicida, respectively, 
was inevitably inappropriate for our m-PCR assay. At the 
end of Trial 3 which was intended to determine the 
specificity of YER8/10, Fer3/4 and FP1/3 primers, neither 
nonspecific nor false specific amplification product was 
observed. Therefore, these primers were proved to be 
specific under the conditions designed for this assay. DNA 
of neither closely related bacteria nor other unrelated 
bacteria used in this study were amplified in this multiplex 
assay. Thus, we demonstrated that this assay has a high 
specificity. Beaz-Hidalgo et al. [5] have also reported that 
Fer3/4 primers have high specificity to detect A. 
salmonicida. The YER 8/10 primers used in this study for 
amplification of Y. ruckeri in m-PCR system have also 
been reported to be adequate for specific detection of Y. 
ruckeri [8]. 
  In the m-PCR assay developed in this study, the detection 
limit was 15 CFU for Y. ruckeri and F. psychrophilum and 
30 CFU for A. salmonicida subsp. salmonicida in pure 
cultures. The detection limits in the same protocol were 35 
pg for Y. ruckeri and F. psychrophilum, and 70 pg for A. 
salmonicida subsp. salmonicida. The detection limit in the 
presence of tissue debris was found to be 125 CFU for Y. 
ruckeri and F. psychrophilum, and 250 CFU for A. 
salmonicida subsp. salmonicida. Byers et al. [6] have 
determined that the PAAS PCR had an in vitro sensitivity 
of 93%, and their 0.6% false negative rate might have been 
related to the primer target site which was believed to be 
present in approximately 90% of A. salmonicida isolates. 
In our study, of all 9 strains tested, 2 strains were 
unidentified in m-PCR assay using PAAS1/2, so 77.7% of 
the  A. salmonicida strains tested in this study were 
identified correctly. Although Byers et al. [6] have stated 
the detection limit of PAAS PCR to be in the range 2 pg to 
0.2 pg per PCR, we were unable to obtain as low as their 
values. Altinok et al. [1] have reported that the detection 
limits of A. salmonicida and Y. ruckeri which were 2 of 5 
target bacteria for detection in a m-PCR assay were 1 CFU 
for A. salmonicida and Y. ruckeri in pure culture, and 5 and 
4 CFU for A. salmonicida and Y. ruckeri, respectively, in 
the presence of fish tissue. Gibello et al. [8] have reported 
the detection limit of a single PCR procedure for Y. ruckeri 
to be 60∼65 cells per PCR mixture in culture, and 2 × 10
4 
CFU/g in tissues. The detection limits in our study for Y. 
ruckeri were found to be lower. 
  There is growing interest in the diagnosis of important 
fish diseases in culture fisheries. The progress in molecular 
techniques aids the rapid identification of causative agents 
of these diseases. In conclusion, the m-PCR assay which 
developed in this study for the simultaneous detection of 
three major pathogens, Y. ruckeri, A. salmonicida subsp. 
salmonicida and F. psychrophilum, was proved to be 
highly specific for detecting these three bacteria. We 
submit that rapid and reliable identification of these 
bacteria can be achieved by this m-PCR assay. M-PCR development trials for fish pathogens    241
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